Objective: As glucagon-like peptide-1 receptor agonists lower blood pressure (BP) in type 2 diabetes mellitus (T2DM), we examined BP control in relation to targets set by international bodies prior to randomization in the Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular outcome Results (LEADER) trial.
INTRODUCTION
A s blood pressure (BP) control is an important strategy for preventing cardiovascular and renal complications in type 2 diabetes mellitus (T2DM) [1, 2] , some treatment guidelines include disease-specific BP targets [3, 4] . However, these can be difficult to achieve, even with multiple antihypertensive agents [5, 6] .
Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular outcome Results (LEADER) is an ongoing phase 3B global cardiovascular outcome trial examining the cardiovascular safety and potential benefits of the glucagon-like peptide-1 (GLP-1) analogue liraglutide in individuals with T2DM at high risk of cardiovascular disease (CVD) [7] . The primary objective is to assess the effect of treatment with liraglutide compared with placebo (for at least 3.5 years and up to 5 years) on the incidence of cardiovascular events, as defined by the primary end point of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke in adult patients with T2DM.
The efficacy of BP-lowering agents is not greatly influenced by BMI [8] , but as BMI and BP are closely associated [9] , more agents are required to achieve BP targets in obese individuals [8] . In T2DM, this therapeutic challenge is compounded by weight gain in association with many commonly used glucose-lowering agents (insulin, sulphonylureas, and thiazolidinediones) [10, 11] . In the UK Prospective Diabetes Study, in which patients with T2DM had a BMI 29.8 AE 5.5 kg/m 2 (mean AE SD) and a very conservative definition of 'tight' BP control (<150/85 mmHg), 29% still required three or more antihypertensive agents [1] .
Glucose-lowering agents that have been introduced more recently either do not affect weight (e.g., dipeptidyl peptidase-4 inhibitors) [10, 11] or are associated with weight reduction [e.g., GLP-1 receptor agonists [10, 12] ; sodiumglucose linked transporter-2 (SGLT-2) inhibitors] [13] . When added to another glucose-lowering therapy, liraglutide treatment is associated with weight reduction of 1.2-2.6 kg and SBP reduction of 2.3-6.7 mmHg [14] [15] [16] [17] [18] . It therefore has the potential to facilitate the achievement of BP targets in overweight and obese patients already being treated with multiple agents.
In the present study, we analyzed baseline data from the LEADER trial to: describe BP control at the time of randomization; report rates of nonachievement of BP targets in relation to contemporary and updated guidelines; and determine the factors predicting nonachievement of targets prior to randomization to liraglutide or placebo. During the trial recruitment period (2010-2012), international guidelines recommended a BP target of <130/80 mmHg in T2DM [3, 4] .
Prompted by initial analyses, we also examined BP control categorized according to the geographical regions represented in the trial.
RESEARCH DESIGN AND METHODS
The LEADER study design and baseline characteristics have been published previously [7] . Briefly, participants were enrolled between September 2010 and April 2012 at 410 sites in 32 countries according to the following inclusion criteria: patients with T2DM aged at least 50 years with concomitant CVD, cerebrovascular disease, peripheral vascular disease, chronic renal failure, or chronic heart failure; or patients aged at least 60 years with one or more of the following cardiovascular risk factors: microalbuminuria or proteinuria, hypertension, and left ventricular hypertrophy by ECG or imaging, left ventricular dysfunction by imaging, or ankle-brachial index less than 0.9. All patients had baseline HbA1c at least 7.0% (53 mmol/mol). Exclusion criteria included type 1 diabetes mellitus, calcitonin at least 50 ng/l, use of GLP-1 receptor agonists, dipeptidyl peptidase-4 inhibitors, or insulin preparations other than human neutral protamine Hagedorn, long-acting analogs, or premixed preparations within 3 months prior to screening.
BP was measured at the screening visit following usual practice for clinical research at each individual trial center, with adherence to the following standards as a minimum. Participants were asked to avoid caffeine, smoking, and exercise at least 30 min before measurement. Measurements were taken with the participant in a sitting position, with the legs uncrossed, and the back and arm supported. Participants were sitting for at least 5 min before the first reading was taken. Two measurements at intervals of at least 2 min were performed. Participants and trial personnel were advised not to talk during the measurements. The manufacture and model of the semi-automated measurement devices and the cuff sizes used were not recorded. The mean of the two BP measurements was subsequently calculated for use in analyses. In some individuals (<1%) for whom measurements were not available from the screening visit, those from the randomization visit were used. Hypertension was defined as SBP at least 140 mmHg, a DBP at least 90 mmHg, or an existing prescription of antihypertensive medication.
A target BP of less than 130/80 mmHg, as recommended by the international authorities cited above [3, 4, 19] , was disseminated to all study sites as the LEADER Global Expert Panel's 'Standard of Care' guideline and was therefore the principal target used in this analysis [7] . However, owing to subsequent changes in BP target recommendations, we also report achievement of targets according to the updated European Societies of Hypertension and Cardiology 2013 target of 140/85 mmHg [20] and the American Diabetes Association 2015 target of less than 140/90 mmHg [21] . Resistant hypertension was defined as prescription of four or more antihypertensive agents (or for those with BP >140/ 90 mmHg, the prescription of three or more agents) [21] .
Sites were grouped as being from: North America [USA and Canada (n ¼ 2821)]; Europe (Czech Republic, Poland, Romania, Austria, Belgium, Denmark, Finland, France, Germany, UK, Greece, Ireland, Italy, the Netherlands, Spain, Sweden, Turkey, and Serbia; n ¼ 3521); and other [i.e. countries not easily grouped into geographical regions (India, China, South Korea, Taiwan, South Africa, Australia, Brazil, Mexico, Arab Emirates, Russia, and Israel; n ¼ 2998)].
All study participants gave written informed consent. The trial (NCT01179048) was approved by the relevant local ethical committees and is being conducted in conformity with the Declaration of Helsinki.
Statistical analysis
Distributions of continuous variables are described by mean AE SD whereas categorical variables are listed as numbers and percentages (%). Associations of prior CVD status and global region with covariates and factors of interest were screened using Fisher's exact test and F-test, respectively. Multiple logistic regression models were developed to assess the association between dichotomized uncontrolled hypertension end points and predefined explanatory factors. Variable selection was decided on before model fitting. Covariates were selected by consideration of potential impact on hypertension 'off-target' measurements, based on review of the literature and availability in the LEADER database. Main effects of all covariates/factors were retained in the model, as the ample sample size of the LEADER study allowed no need for further variable selection. Statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, North Carolina, USA). Analyses were performed using data available after the trial recruitment phase, which may be subject to minor changes following closure of the database at trial completion.
RESULTS
A total of 91% of LEADER participants, all of whom had T2DM, were also hypertensive. In all 61% (n ¼ 5665) of LEADER participants were prescribed two or more, and 19% (n ¼ 1811) three or more antihypertensive agents. However, at the time of the baseline visit, only 51% were treated to a target of less than 140/85 mmHg and 26% to a target of less than 130/80 mmHg.
BP was lower in those who had prior CVD (81% of the study population) in comparison with those who had not (137 AE 18.8/78 AE 10.6 mmHg vs. 140 AE 17.7/80 AE 9.9 mmHg; P<0.001). A higher proportion of these individuals achieved recommended targets: 52 versus 44% for a target BP of less than 140/85 mmHg and 28 versus 21% for a target BP of less than 130/80 mmHg (both P < 0.001), presumably reflecting the use of more antihypertensive agents (!3 in 20.9 vs. 13.0%; P < 0.001). Those with prior CVD were younger (63.9 AE 7.6 vs. 65.8 AE 5.2 years; P < 0.001) with a higher proportion being men and White ( Table 1 , left hand panel); estimated glomerular filtration rate was lower (79.2 AE 28.5 vs. 91.6 AE 23.1 ml/min per 1.73 m 2 ; P < 0.001) although positive microalbuminuria status was less prevalent (13.9 vs. 48.6%; P < 0.001). HbA1c, duration of diabetes, and BMI were similar between the groups with and without prior CVD.
BP was higher in European participants (141 AE 18.3/ 79 AE 10.2 mmHg) than in those from North America (133 AE 18.1/75 AE 10.5 mmHg; P < 0.001) and other countries (139 AE 18.8/80 AE 10.2 mmHg) (P < 0.0001 for both SBP and DBP), even though more were prescribed three or more antihypertensive agents (23.0 vs. 19.0 vs. 16.0%, respectively; P < 0.001) ( Table 1) . BP target was achieved in more participants in North America and other countries than in Europe, that is, 63 vs. 48 vs. 42%, respectively, for less than 140/85 mmHg (P < 0.0001) and 38 vs. 23 vs. 20%, respectively, for less than 130/80 mmHg (P < 0.0001). Rates of achievement of BP control in individual countries within the regional categories are shown in Supplementary 84 AE 30.3 ml/min per 1.73 m 2 ; P < 0.0001) and a higher proportion were Black (17 vs. 0.5 vs. 9.6%; P < 0.0001). However, resistant hypertension was present in a higher proportion of Europeans compared with those from North America and other countries (15.7 vs. 9.0 vs. 10.2%; P < 0.0001). Documented duration of diabetes was shorter in European than in North American and other participants (11.6 AE 7.4 vs. 13.5 AE 8.6 vs. 13.3 AE 8.0 years; P < 0.0001) and HbA1c was lower (8.3 AE 1.3 vs. 8.7 AE 1.5 vs. 9.0 AE 1.7%; P < 0.0001). The prevalence of prior CVD did not differ among participants recruited in North America and Europe and similar proportions within each region were receiving insulin treatment (Table 1) .
In logistic regression analyses restricted to participants prescribed at least one antihypertensive agent (and therefore operationally defined as having hypertension), the strongest predictor of achievement of a BP target of either less than 130/80 mmHg ( Fig. 1 ), less than 140/85 mmHg ( Fig. 2 ), or less than 140/90 mmHg ( Fig. 3 ) was residence in North America.
DISCUSSION
These baseline data from the ongoing LEADER trial provide a cross-sectional description of BP control in a large cohort of individuals across global regions with long-standing T2DM and a high risk of CVD. At the time of randomization to liraglutide or placebo, the prevalence of hypertension (90%) was higher than in any other recent landmark trial of glucose-lowering therapy in T2DM (as shown in Table 2 ), though a proportion will have been misclassified as hypertensive because of prescription of antihypertensive agents for other indications. Nevertheless, despite this likely degree of misclassification, we report that BP measurements met the contemporary target set by most international bodies (<130/80 mmHg) in only one-quarter of participants.
LEADER was designed so that participants could be recruited in either primary or secondary CVD prevention categories: major baseline characteristics have already been reported separately for these groups [7] . The present analysis adds more detail to the previous report, giving BP measurements in relation to treatment and targets.
In unadjusted analyses, BP was better controlled in secondary prevention participants (who formed 81% of the total) than in those in the primary prevention category; this was in keeping with apparently more intensive pharmacological management. These findings are consistent with recently-reported baseline data from the secondary prevention study entitled Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS study) in which a higher proportion of participants who met the inclusion criteria because of previous myocardial infarction were treated to a target BP of less than 140/80 mmHg than in those with peripheral arterial disease but no prior cardiovascular event [29] . In LEADER, hypertension was one of the comorbidities specified for inclusion in the primary prevention category; this was one of the criteria selected to ensure that those randomized were at sufficient risk of CVD to provide adequate statistical power for the safety and efficacy end points. This may account, at least in part, for the apparently Blood pressure control in type 2 diabetes Journal of Hypertension www.jhypertension.com higher levels of baseline BP observed in this group. It should be noted that the presence or absence of CVD was not a significant determinant of BP in fully adjusted analyses. Nevertheless, in both primary and secondary prevention groups, there remained considerable scope for treatment intensification, as only 21 and 13%, respectively, were prescribed three or more antihypertensive agents. Participants recruited in European centers and other countries had higher BP than those recruited in North America (by mean SBP and DBP 8/4 mmHg and 6/5 mmHg, respectively), although they were prescribed more antihypertensive agents, had lower BMI (by 2 kg/m 2 and 4 kg/m 2 , respectively), and included fewer Black participants (usually considered to be more likely to be treatment resistant) [30] . Differences according to region of recruitment did not appear to be accounted for by differences in the demographic factors recorded.
Regional differences in control of BP have previously been reported from population-based surveys. In general, these have been consistent with the present observations, namely that BP levels in Europe are on average higher than in North America, particularly the USA [31, 32] . These differences are not considered an artifact of method of measurement or case selection in that higher prevalence of hypertension at the population level is closely correlated with higher rates of stroke mortality [31] . In surveys of individuals without diabetes there can be higher rates of case-finding in some countries (e.g. the US) than others, biasing the mean BP of the treated population toward a lower level; this is unlikely to explain the present results, as all participants were known cases of T2DM under routine monitoring of BP. Neither can the differences be readily explained by treatment intensity as the number of antihypertensive agents prescribed per individual was similar in Europe and the US [33] . Higher BP at the population level in Europe may not be explained entirely by treatment effects, in that differences can be observed even in young adults (few of whom have a diagnosis of hypertension or are on BP-lowering treatment): therefore, other environmental and/or genetic factors must also play a role [31] . Differences in BP in the background populations from which participants were drawn may have been reflected in the cohort randomized in LEADER, but we acknowledge that the differences we report may also, at least in part, have reflected differences in sampling strategies among recruitment centers in European, North American, and other countries. Moreover, we cannot exclude a higher prevalence of nonadherence to therapy, more frequent prescription of less-effective therapy, or more frequent use of subtherapeutic dosages in European LEADER participants. There may also have been a lower prevalence of treatment-refractory hypertension amongst North American participants.
After the completion of recruitment into LEADER, BP targets were relaxed to less than 140/85 mmHg by the European Societies of Hypertension and Cardiology in 2013 [34] ; they were then revised to less than 140/90 mmHg by the US Joint National Committee (JNC 8) [35] and the American Diabetes Association [36] . Even before recruitment into LEADER began, discussions had been initiated in Europe on potentially relaxing BP treatment targets [37] . It is possible that clinical practice began to change in European centers involved in LEADER prior to the publication of revised targets and that early implementation of this change in practice contributed to the higher mean BP levels we observed in European participants. This explanation has recently been invoked by the Trial Evaluating Cardiovascular Outcomes with Sitagliptin investigators to explain a similar mean difference in SBP and DBP (8/4 mmHg) at baseline between participants with T2DM from North America versus Western Europe [29] . Even with revised targets, rates of BP control cannot be considered satisfactory at baseline in LEADER, as these were achieved only in 50-54% of trial participants. Although these rates may at first sight seem low, they are in keeping with a contemporary pooled analysis of longitudinal data from individuals with and without diabetes [38] ; the literature suggests they are likely to be an improvement on those that would have been observed a decade ago [38] [39] [40] . The predictors of nonachievement of BP targets in our analyses were broadly similar, independently of the target figures used. The observation that BP control was markedly better in the United States than in Europe in the large samples of patients with T2DM and high cardiovascular risk recruited into the LEADER trial prompts us to reflect on the potential public health effects of the recent global (European-led) relaxation of BP targets in terms of hypertension-related cardiovascular outcomes, particularly given that targets are infrequently achieved and BP lowering using currently available pharmacological agents is well established to reduce rates of mortality and other [41] . The SPRINT trial has recently highlighted the benefits of BP-lowering in nondiabetic individuals and hence rekindled enthusiasm for more intensive BP targets in diabetes [42] . This has reopened discussion of the results of the ACCORD trial [25] which provided a key stimulus for relaxation of previous BP targets in individuals with T2DM. The strength of the present analysis is the large number of patients studied at baseline in a clinical trial setting, with data collection according to a standard protocol and use of a central laboratory. Moreover, multiracial sampling of individuals from a global population favors the generalizability of our findings. However, as acknowledged above, selection bias at study sites could have influenced our results. Furthermore, measurement of BP was crosssectional rather than longitudinal and some details of the methods of measurement within individual sites were not available.
It is clear from the present analysis that BP targets are too infrequently achieved in many individuals with T2DM. Many mechanisms for resistance to therapy have been identified and reviewed, including higher baseline BP because of obesity, activation of the sympathetic nervous system, changes in central hemodynamics [43] , volume overload, and renin-angiotensin system activation [41] . Glucose-lowering therapies that also possess BP-lowering effects may therefore have an attractive profile from a CVD prevention perspective, as demonstrated by a reduction in cardiovascular death with the SGLT-2 inhibitor with empagliflozin as recently reported in the EMPA-REG trial [44] .
GLP-1 receptor agonists and SGLT-2 inhibitors reduce BP in part via weight reduction, but also influence renal sodium handling [12, 45] , whereas GLP-1 receptor agonists may also have direct effects on the vasculature [12] . It is reasonable to speculate that such agents may facilitate the long-term achievement of BP targets in people with hypertension and T2DM treated with multiple agents, although as shown in the recent ELIXA trial, this will not necessarily translate into cardiovascular benefit [46] . Moreover, it should also be noted that in the LEADER trial, a 'standard of care' approach was used, that is, any effect of GLP-1 therapy on BP between the groups as randomized over the full duration of the trial may ultimately be offset by additional therapy in the placebo arm.
In summary, the present data highlight that, even with modern antihypertensive therapy, adequate control of BP is not achieved in many high-risk individuals with T2DM, particularly outside North America. Longitudinal data from the LEADER trial may provide further insights into BP control in relation to cardiovascular outcomes in this condition.
